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Propofol administration by endoscopists versus 
anesthesiologists in gastrointestinal endoscopy:  
a systematic review and meta-analysis of patient 
safety outcomes

Background: With a growing demand for endoscopic services, the role of anesthesi-
ologists in endoscopy units must be reassessed. The aim of this study was to compare 
patient outcomes in non–anesthesiologist-administered propofol (NAAP) versus 
anesthesiologist-administered propofol (AAP) during routine endoscopy.

Methods: We systematically searched MEDLINE, CINAHL, Embase, Web of 
 Science, CENTRAL and the grey literature for studies comparing NAAP and AAP. 
Primary outcomes included endoscopy- and sedation-related complications. Second-
ary outcomes included measures of endoscopy quality and of patient and endoscopist 
satisfaction. We reported treatment effects using random-effects models.

Results: Of 602 articles identified, 5 met the inclusion criteria. Most studies included 
only patients with an American Society of Anesthesiologists (ASA) classification of I or 
II. Non–anesthesiologist-administered propofol did not result in increased rates of air-
way intervention (odds ratio [OR] 1.07, 95% confidence interval [CI] 0.29 to 3.95; 
3443 patients) or hypotension (OR 1.47, 95% CI 0.40 to 5.41; 17 978 patients) but did 
result in higher rates of bradycardia (OR 3.68, 95% CI 1.65 to 8.17; 17 978 patients). 
Nonanesthesiologists administered lower propofol dosages than anesthesiologists 
(mean difference −61.79, 95% CI −114.46 to −9.12; 3443 patients), and their patients 
more commonly experienced awareness with recall (OR 19.99, 95% CI 7.88 to 50.76; 
2090 patients). However, NAAP neither compromised patient willingness to repeat the 
procedure (OR 0.42, 95% CI 0.10 to 1.83; 2367 patients) nor lengthened total proce-
dure time (mean difference −0.08, 95% CI −3.51 to 3.34; 2367 patients).

Conclusion: Endoscopists may safely administer propofol without compromising 
procedural quality in patients classified as ASA I or II undergoing routine endoscopy. 
The results of this meta-analysis are limited by a lack of available high-quality studies. 
Further, large-scale studies are needed for definitive conclusions.

Contexte : Étant donné que les services endoscopiques sont de plus en plus deman-
dés, le rôle des anesthésiologistes dans les unités d’endoscopie doit être réévalué. Le 
but de cette étude était de comparer les résultats cliniques chez les patients selon que 
le propofol était administré par des non-anesthésiologistes (NAAP, pour non– 
anesthesiologist-administered propofol) ou par des anesthésiologistes (AAP, pour 
anesthesiologist-administered propofol).

Méthodes : Nous avons procédé à une revue systématique des réseaux MEDLINE, 
CINAHL, Embase, Web of Science et CENTRAL et de la littérature grise pour 
recenser les études ayant comparé les méthodes NAAP et AAP. Les paramètres prin-
cipaux incluaient les complications liées à l’endoscopie et à la sédation, et les 
paramètres secondaires incluaient les mesures de la qualité de l’endoscopie et la satis-
faction des patients et des endoscopistes. Nous avons fait état des effets des traite-
ments à l’aide de modèles à effets aléatoires.

Résultats  : Sur les 602 articles recensés, 5 répondaient aux critères d’inclusion. La 
plupart des études incluaient uniquement des patients présentant une classe ASA 
(American Society of Anesthesiologists) I ou II. Le propofol administré par des non-
anesthésiologistes n’a pas donné lieu à un taux accru d’interventions touchant les voies 
respiratoires (rapport des cotes [RC] 1,07, intervalle de confiance [IC] de 95 %, 0,29 à 
3,95; 3443 patients) ou d’hypotension (RC 1,47, IC de 95 %, 0,40 à 5,41; 
17 978 patients), mais a donné lieu à des taux plus élevés de bradycardie (RC 3,68, IC 
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T he demand for gastrointestinal endoscopic pro-
cedures is increasing dramatically, and even with 
1.6  million endoscopic procedures performed 

annually in Canada, demand continues to exceed sup-
ply.1,2 This growing need for endoscopic services is 
driving the search for more efficient and less costly pro-
cedures that minimize patient discomfort without com-
promising their safety.3,4 Sedation is an important aspect 
of endoscopic procedures as it improves the quality of the 
examination, patient satisfaction, and patient adherence 
to screening and surveillance regimens.4–6 With the vast 
majority of patients preferring to receive sedation, the 
cost that sedation adds to endoscopic procedures must 
also be considered.

The rate of involvement of anesthesiologists in endo-
scopic procedures depends on a variety of factors includ-
ing patient characteristics, choice of sedative, and local 
institutional practices and policies. Traditionally, seda-
tion has been provided through the combination of a nar-
cotic and a benzodiazepine, but, more recently, there has 
been a shift toward the use of propofol.1,7,8 With a rapid 
onset (30–45  s) and short duration of action (4–8  min), 
propofol is the ideal agent for short outpatient pro-
cedures.9 Additional benefits compared to benzodiaz-
epines and narcotics include faster recovery, earlier dis-
charge, improved post anesthesia recovery, reduced 
postanesthesia nausea and vomiting, and, ultimately, 
greater patient satisfaction.7,10

Historically, propofol has been administered by anes-
thesiologists as per US Food and Drug Administration 
guidelines owing to its potential for deeper levels of seda-
tion and lack of reversal agent.11–13 Furthermore, propofol 
is known to produce cardiorespiratory effects including 
decreased ventilatory response to hypoxia along with 
decreased systemic vascular resistance and arterial blood 
pressure.14,15 However, the push toward containment of 
health care costs has brought into question the sustain-
ability of anesthesiologist-administered propofol (AAP) in 
healthy patients at low risk undergoing routine endo-
scopic procedures.12,16–18 In fact, non–anesthesiologist-
administered propofol (NAAP) has already been endorsed 
and widely implemented in several European coun-

tries.17,19 In 2008, Singh and colleagues7 conducted a sys-
tematic review on the safety of NAAP but identified only 
1 study comparing NAAP to AAP. In a 2009 study, Rex 
and colleagues20 searched for published and unpublished 
cases of endoscopist-administered propofol but did not 
make a comparison to control cases. Since then, several 
randomized and nonrandomized studies have been con-
ducted on this topic. In a 2015 comparative meta- 
analysis, the authors concluded that NAAP compares 
favourably with AAP for patients undergoing advanced 
endoscopic procedures.18 However, the question remains 
largely unanswered for routine endoscopic procedures. 
Thus, the purpose of this systematic review was to evalu-
ate whether patient safety and procedure quality are com-
promised when nonanesthesiologists (i.e., endoscopists) 
administer propofol in routine upper or lower gastro-
intestinal endoscopy.

Methods

Literature search strategy

This systematic review was synthesized following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline.21 We searched MEDLINE, 
CINAHL, Embase, Web of Science and CENTRAL for 
published English-language studies from the time of data-
base conception until May 2016. We used various combina-
tions of the following medical subject headings: “Anesthe-
sia,” “Anesthesiology,” “Nurse Anesthetists,” “Surgeons,” 
“Propofol,” “Deep Sedation” and “Endoscopy.” We also 
searched ClinicalTrials.gov and ProQuest dissertations for 
unpublished and ongoing studies. We individually reviewed 
the references of all systematic reviews of similar topics, as 
well as the references of our own included studies. For 
studies with no available text, we requested for full access 
from their respective authors. The literature search strategy 
can be found in Appendix 1, available at canjsurg.ca/ 
008117-a1.

We included studies conducted in any adult population 
(≥  18  yr) undergoing upper or lower gastrointestinal 
endoscopy. The intervention of interest was administration 

de 95 %, 1,65 à 8,17; 17 978 patients). Comparativement aux anesthésiologistes, les 
non-anesthésiologistes ont administré des doses de propofol plus faibles (différence 
moyenne –61,79, IC de 95 %, –114,46 à –9,12; 3443 patients) et leurs patients ont 
plus souvent gardé conscience, avec souvenirs post-intervention (RC 19,99, IC à 
95 %, 7,88 à 50,76; 2090 patients). Toutefois, la méthode NAAP n’a ni compromis la 
volonté des patients à répéter l’intervention (RC 0,42, IC à 95 %, 0,10 à 1,83; 
2367 patients) ni prolongé la durée totale de l’intervention (différence moyenne −0,08, 
IC à 95 %, −3,51 à 3,34; 2367 patients).

Conclusion : Les endoscopistes peuvent administrer le propofol de manière sécuritaire 
sans compromettre la qualité de l’intervention chez les patients de classe ASA I ou II 
soumis à une endoscopie de routine. Les résultats de cette méta-analyse sont limités 
par l’absence d’études de grande qualité. En outre, des études de plus grande envergure 
sont requises pour arriver à des conclusions définitives.
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of propofol by an endoscopist or by a nurse under the 
guidance of an endoscopist. The study had to have a con-
trol group in which propofol was administered by an anes-
thesiologist or a nurse anesthetist. As such, we searched for 
randomized controlled trials (RCTs), prospective and ret-
rospective cohort studies, case–control studies and cross-
sectional surveys. We excluded studies with incomplete 
outcome reporting only after contacting the respective 
authors for complete data. We also excluded studies that 
included advanced and specialized endoscopic procedures 
such as endoscopic retrograde cholangiopancreatography, 
upper endoscopic ultrasonography, deep small intestinal 
enteroscopy and endoscopic surgery. Every step of the 
screening process was done by 2  independent reviewers 
(J.D. and C.T.), with a third party (R.F.) available for 
resolving discrepancies.

Data extraction

We extracted onto a standardized form information such 
as study design, demographic and baseline characteristics, 
and primary and secondary outcomes. Our primary out-
comes of interest were endoscopy- and sedation-related 
complications including airway intervention, hypoten-
sion, bradycardia, hypoxia, composite outcomes of car-
diopulmonary events, gastrointestinal perforation, bleed-
ing and death. Secondary outcomes included awareness 
with recall, total amount of propofol administered, total 
procedure time, patient and endoscopist satisfaction, time 
to recovery, pain relief, cecal intubation, polyp detection 
and cost.

Quality and risk of bias assessment

Evaluation of quality and risk of bias was carried out by 
2  independent reviewers (J.D. and C.T.). For this review, 
the Cochrane Risk of Bias Tool22 was used to assess the 
quality of randomized trials. This tool employs 7  criteria 
for judging risk of bias. Each criterion was scored as “low 
risk,” “high risk” or “unclear risk,” as per published guide-
lines.22 We followed a previously published approach22 to 
formulate summary assessments of risk of bias. The 
 Methodological Index for Non-Randomized Studies 
(MINORS)23 was used to assess the quality of nonrandom-
ized studies. This tool appraises studies based on 12 differ-
ent items. The items were scored as 0 if not reported, 1 if 
reported but inadequate, and 2 if reported and adequate. 
Based on this score, nonrandomized trials were categorized 
as low risk of bias (score of 24), moderate risk (21–24) and 
high risk (< 21).

Statistical analysis

We used the intention-to-treat approach. We performed 
meta-analyses using a random-effects model and esti-

mated weights of included studies using the inverse vari-
ance method. We estimated pooled odds ratios (ORs) 
for primary and secondary dichotomous outcomes, and 
pooled absolute mean differences for secondary contin-
uous outcomes, each with respective 95% confidence 
intervals (CIs). Heterogeneity of the data was evaluated 
in 2  ways. We evaluated between-study heterogeneity 
visually using forest plots. We assessed statistical het-
erogeneity using the Cochran Q test and quantified it 
using the I2 statistic. I2  values were categorized into 
3  degrees of heterogeneity: low (<  25%), moderate 
(25%–75%) and high (> 75%). We performed statistical 
analyses using Review Manager version 5.3 (www.
community.cochrane.org). For outcomes that were 
reported in only 1 study or had too few events to meta-
analyze, we performed a narrative synthesis to summa-
rize the results.

Results

Our initial search yielded 606 articles, of which 163 were 
duplicates. Thus, 443 articles were screened based on titles 
and abstracts (Fig. 1). Following this, 46  articles were 
screened based on full text. This yielded 5  articles for 
inclusion24–28 (Table 1). The designs of the studies included 
RCT (2 studies26,28), prospective cohort (2 studies24,25) and 
retrospective cohort (1  study27). The median number of 
patients included in the studies was 1076 (range 90– 
17 611). All studies took place between 1998 and 2015. 
Three studies included lower gastrointestinal endoscopy 
only, and the other 2 included both upper and lower gas-
trointestinal endoscopy.

Baseline characteristics

In all 5  studies, the NAAP and AAP groups were com-
parable in age and sex (Table 2). Three studies included 
only patients classified as American Society of Anesthesi-
ologists (ASA) level I or II.24,26,28 Nathan and colleagues27 
included a smaller proportion of patients classified as 
ASA III or IV in the NAAP group than in the AAP group 
(9% v. 67%) and none classified as ASA I in the AAP 
group. Vargo and colleagues25 included patients in ASA 
categories I–IV and had comparable proportions in the 
NAAP and AAP groups. Body mass index was compar-
able between the 2 groups in the 2 studies in which it was 
reported.24,28

Primary outcomes

Airway intervention
The rate of airway intervention was reported in 4 studies 
involving 3443 patients.24,26–28 In our pooled analysis, the 
odds of undergoing an airway intervention with NAAP 
were similar to those with AAP (OR 1.07, 95% CI 0.29 
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Table 1. Characteristics of studies comparing NAAP to AAP in routine upper or lower gastrointestinal endoscopy

Study Country Design
Single or 

multicentre
No. of 

patients
Year(s) of 

study

Upper or 
lower 

endoscopy Control group Intervention group

de Paulo et 
al.,24 2015

Brazil Prospective 
cohort

Single centre 2000 2009–2011 Both AAP NAAP with propofol dosage 
determined by endoscopist and 
administered by dedicated nurse; a 
second physician stayed in room 
during entire procedure, according 
to local regulations, and helped 
monitor patient

Vargo et al.,25 
2006

United 
States

Prospective 
cohort

Multicentre 17 611 1998–2003 Both AAP NAAP with propofol dosage 
determined by endoscopist

Nathan et al.,27 
2015

Israel Retrospective 
cohort

Single centre 1076 2013 Lower APP NAAP with propofol dosage 
determined by endoscopist and 
propofol administered by nurse

Poincloux et 
al.,28 2011

France RCT Single centre 90 2008–2009 Lower AAP with monitoring by 
certified registered nurse 
anesthesiologist 

NAAP with propofol dosage 
determined by endoscopist and 
propofol administered by dedicated 
nurse trained to techniques of 
sedation who was also responsible 
for monitoring

Ferreira et 
al.,26 2016

Portugal RCT Single centre 277 2014–2015 Lower AAP with propofol 
administered by team of 
1 anesthesiologist and 
1 dedicated sedation 
nurse

NAAP with propofol administered 
by team of 1 endoscopist and 
2 nurses, 1 of whom was dedicated 
to sedation and monitoring

AAP = anesthesiologist-administered propofol; NAAP = non–anesthesiologist-administered propofol; RCT = randomized controlled trial.

Fig. 1. Study selection.
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to 3.95). There was moderate heterogeneity (I2  = 58%, 
p = 0.1) (Fig. 2).

Hypotension
The rate of hypotension was reported in 3 studies involv-
ing 17 978 patients.25,26,28 The odds of having a hypotensive 
episode were not significantly different between NAAP 
and AAP (OR 1.47, 95% CI 0.40 to 5.41). There was high 
heterogeneity (I2 = 87%, p < 0.001) (Fig. 2).

Bradycardia
The rate of bradycardia was reported in 3 studies involving 
17 978 patients.25,26,28 The odds of experiencing bradycardia 
were significantly higher in patients who received NAAP than 
in those who received AAP (OR 3.68, 95% CI 1.65 to 8.17). 
There was moderate heterogeneity (I2 = 49%, p = 0.1) (Fig. 2).

Cardiopulmonary events
The rate of cardiopulmonary events was reported in 
1 study involving 17 611 patients25 (Table 3). There were 
significantly higher rates of such events in patients who 
received NAAP than in those who received AAP, for both 
upper and lower endoscopy (upper: 1.80% v. 1.01%, p  = 
0.001; lower: 1.66% v. 0.86%, p < 0.001).

Gastrointestinal perforation and bleeding
Rates of gastrointestinal perforation and bleeding were 
reported in 1 study25 (Table 3). Gastrointestinal perfora-

tion occurred only in the NAAP group, for both upper 
and lower endoscopy (upper: 0.09%, lower: 0.06%). 
There was no statistically significant difference in the rate 
of bleeding between the NAAP and AAP groups for 
either upper or lower endoscopy (upper: 0.42% v. 0.16%; 
lower: 0.08% v. 0.16%).

Death
The mortality rate was reported in 3  studies involving 
20 687 patients24,25,27 (Table 3). The only event was in the 
upper endoscopy NAAP group of Vargo and colleagues25 
(0.05%).

Secondary outcomes

Awareness with recall
Awareness with recall was reported in 2  studies involving 
2090  patients.24,28 The odds of remembering the endo-
scopic procedure were higher in patients who received 
NAAP than in those who received AAP (OR 19.99, 95% 
CI 7.88 to 50.76). There was low heterogeneity (I2 = 0%, 
p = 0.4) (Fig. 3).

Total propofol administered
The total amount of propofol administered was reported 
in 4 studies involving 3443 patients.24,26–28 Nonanesthesiol-
ogists administered lower dosages of propofol than did 
anesthesiologists (mean difference −61.79, 95% CI 

Table 2. Baseline patient characteristics

Study
No. of 

patients
Age, mean 

± SD; yr

% of patients

Age, yr Female 
sex

ASA classification Type of endoscopy

< 50 50–59 60–69 ≥ 70 I II III/IV Upper Lower Both

de Paulo et 
al.,24 2016

    NAAP 1000 47.6 ± 13.9 — — — — 53.5 71.4 28.6 0.0 56.3 27.8 15.9

    AAP 1000 47.8 ± 14.5 — — — — 49.3 71.3 28.7 0.0 57.5 27.4 15.1

Vargo et al.,25 
2006 (lower)

    NAAP 3554 — 23.7 25.3 22.7 28.3 59.5 73.4 26.7 0.0 100.0 0.0

    AAP 8129 — 17.1 31.0 27.3 24.6 55.7 75.2 24.8 0.0 100.0 0.0

Vargo et al.,25 
2006 (upper)

    NAAP 2166 — 28.9 23.6 18.5 29.0 54.0 50.3 49.7 100 0.0 0.0

    AAP 3762 — 26.4 24.3 22.4 29.6 53.6 55.0 45.0 100 0.0 0.0

Nathan et al.,27 
2015

    NAAP 1036 56.4 — — — — 45.0 32.0 59.0 9.0 0.0 100.0 0.0

    AAP 40 66.6 — — — — 45.0 0.0 33.0 67.0 0.0 100.0 0.0

Poincloux et 
al.,28 2011

    NAAP 45 56.2 — — — — 17.0 46.7 53.3 0.0 0.0 100.0 0.0

    AAP 45 55.3 — — — — 14.0 48.9 51.1 0.0 0.0 100.0 0.0

Ferreira et al.,26 
2016

    NAAP 150 58.6 ± 13.8 — — — — 40.7 8.7 91.3 0.0 0.0 100.0 0.0

    AAP 127 55.4 ± 15.4 — — — — 39.4 14.2 84.3 0.0 0.0 100.0 0.0

AAP = anesthesiologist-administered propofol; ASA = American Society of Anesthesiologists; NAAP = non–anesthesiologist-administered propofol; SD = standard deviation.
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−114.46 to −9.12). There was high heterogeneity (I2  = 
98%, p < 0.001) (Fig. 3).

Total procedure time
Total procedure time was reported in 3  studies involving 
2367 patients.24,26,28 There was no significant difference in 
procedure length between NAAP and AAP (mean differ-
ence −0.08, 95% CI −3.51 to 3.34). There was high het-
erogeneity (I2 = 86%, p < 0.001) (Fig. 3).

Patient satisfaction
In 3 studies, a total of 2367 patients were surveyed about 
their willingness to repeat the procedure,24,26,28 which we 
interpreted as a measure of patient satisfaction. The odds 
that a patient would not be willing to repeat the procedure 
under the same circumstances were not different between 
NAAP and AAP (OR 0.42, 95% CI 0.10 to 1.83). There 
was moderate heterogeneity (I2 = 45%, p = 0.2) (Fig. 3).

Time to recovery
Time to recovery was reported in 1  study involving 
277  patients26 (Table 3). The recovery time was signifi-
cantly shorter with NAAP than with AAP (58 [SD 33] min 
v. 67 [SD 29] min, p = 0.03).

Pain during procedure
The rate of feeling pain during endoscopy was reported in 
1 study involving 90 patients28 (Table 3). The proportion 
of patients who reported feeling “no pain” during the pro-
cedure was significantly lower in the NAAP group than in 
the AAP group (55% v. 91%, p < 0.001).

Cecal intubation and polyp detection
Rates of cecal intubation and polyp detection were reported 
in 1 study.28 There were no significant differences between 
NAAP and AAP with respect to cecal intubation (94.7% v. 
96.1%, p = 0.6) or polyp detection rates (28.4% v. 23.2%, 
p = 0.3) (Table 3).

Other outcomes
Other outcomes of interest (cost and endoscopist satisfac-
tion) were not reported in any of the included studies.

Risk of bias

Both RCTs26,28 had adequate random sequence generation 
and allocation concealment. Given the nature of the inter-
vention, we acknowledged that it was not feasible to have 
blinded personnel. However, in the study by Poincloux 

Fig. 2. Endoscopy- and sedation-related complications: (A) airway intervention, (B) hypotension and (C) bradycardia. AAP = anesthesiologist-
administered propofol; CI = confidence interval; M–H = Mantel–Haenszel χ2 test; NAAP = non–anesthesiologist-administered propofol.
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and colleagues,28 the patients were not blinded to the inter-
vention, and the only outcome assessor who was blinded 
was the investigator gathering data on patient satisfaction. 
In the study by Ferreira and colleagues,26 the patients were 
blinded to the intervention, but the outcome assessors 
were not. In addition, data were missing for satisfaction 
and pain scores, and the proportion of cases with missing 
data was unbalanced between the NAAP (11.3%) and AAP 
(22.0%) groups. Another source of bias stemmed from the 
selection of endoscopists in the NAAP group, which was 
based on experience in intensive and emergency medicine 
and airway management, whereas there were 9 different 
endoscopists in the AAP group. Both RCTs were deemed 
as having an overall high risk of bias (Table 4).

All 3  observational studies24,25,27 had minimal loss to 
follow-up. Both de Paulo and colleagues24 and Vargo and 
colleagues25 had adequate control groups during similar 
periods. The study by Nathan and colleagues27 had selec-
tion bias in that the AAP group had a larger proportion of 
patients classified as ASA III than the NAAP group. There 
were limitations that were consistent across all 3  studies, 
including failure to report the use of an a priori protocol, 
lack of intention-to-treat analysis, and lack of blinding of 
participants and personnel. Vargo and colleagues25 and 
Nathan and colleagues27 did not report an a priori study 
size calculation, and, although de Paulo and colleagues24 

did report this calculation, they did not specify inclusion of 
consecutive patients and had a vague aim statement. All 
3  studies received a total score of 14, which categorized 
them as having a high risk of bias (Table 5).

discussion

Our primary outcomes of interest were endoscopy- and 
sedation-related complications. We found that the overall 
rate of airway intervention was low among studies, rang-
ing from 0% to 8.7% in either arm, and that the need for 
airway intervention was similar in the 2 groups. In 125 of 
the 3  studies that reported mortality rates,24,25,27 this out-
come occurred in only 1 of 2166 patients. Given the infre-
quency of events, we provided a narrative synthesis of 
mortality rate across studies. In summary, there were no 
studies that reported a mortality benefit that favoured 
NAAP or AAP. The patient who died was in the NAAP 
group undergoing upper endoscopy.25 The patient was 
classified as ASA IV, and the indication for the procedure 
was gastrointestinal bleeding. The cause of death was 
unknown.

In 3  studies, rates of hypoxia and bradycardia were 
evalu ated. The rate of hypoxia did not differ between 
groups, but the rate of bradycardia was significantly higher 
with NAAP than with AAP. Although there is no clear 

Table 3. Rates of endoscopy- and sedation-related complications, and time to recovery

Study

Rate, %

Time to 
recovery, mean 

± SD; min
Cardiopulmonary 

event
Gastric 

perforation Bleeding Death

Patient reported 
no pain during 

procedure
Cecal 

intubation
Polyp 

detection

de Paulo et al.,24 
2016

    NAAP — — — 0.0 — — — —

    AAP — — — 0.0 — — — —

Vargo et al.,25 
2006 (lower)

    NAAP 1.66† 0.06 0.08 0.0 — — — —

    AAP 0.86 0.0 0.16 0.0 — — — —

Vargo et al.,25 
2006 (upper)

0.001

    NAAP 1.80 0.09 0.42 0.05 — — — —

    AAP 1.01 0.0 0.16 0.0 — — — —

Nathan et al.,27 
2015

    NAAP — — — 0.0 — — — —

    AAP — — — 0.0 — — — —

Poincloux et al.,28 
2011

    NAAP — — — — 55* — — —

    AAP — — — — 91 — — —

Ferreira et al.,26 
2016

    NAAP — — — — — 94.7 28.4 58.0 ± 33.0†

    AAP — — — — — 96.1 23.2 67.0 ± 29.0

AAP = anesthesiologist-administered propofol; NAAP = non–anesthesiologist-administered propofol; SD = standard deviation.

*p < 0.001.

†p < 0.05.
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explanation for this, we suspect that it could be related to 
differences in the rate of propofol administration. There 
were no deaths and no need for airway intervention, which 
makes it difficult to conclude whether the bradycardia 
events were clinically significant complications that 
resulted in patient harm.

Other primary outcomes of interest such as cardiopul-
monary events, gastrointestinal perforation and bleeding 
were reported inconsistently in the studies and were not 
amenable to meta-analysis. For instance, cardiopulmonary 
events were reported only by Vargo and colleagues.25 
Their definition of cardiopulmonary event included chest 
pain, hypoxemia, transient hypoxemia, prolonged hypox-
emia, bradycardia, wheezing, dysrhythmia, tachycardia, 
tracheal compression, hypertension, hypotension, respira-
tory distress, pulmonary edema and vasovagal reaction. Of 
note, they did not specify threshold values for transient 

hypoxemia, dysrhythmia, hypertension or hypotension. In 
addition, complications such as chest pain, wheezing, tra-
cheal compression, respiratory distress, pulmonary edema 
and vasovagal reaction were reported subjectively as 
“occurring” or “absent” by the endoscopist or anesthesiol-
ogist. The rate of cardiopulmonary events was significantly 
higher with NAAP than with AAP, for both upper and 
lower endoscopy. Although this may reflect a true effect of 
who administered the sedation, it is also possible that there 
were subjective differences in reporting between endosco-
pists and anesthesiologists.

Rates of gastrointestinal perforation and bleeding were 
reported in only 1 study.25 Of note, the only events were in 
the NAAP group of both upper and lower endoscopy 
popu lations, although the frequency was very low. There 
were no significant differences in bleeding events between 
the NAAP and AAP groups. Given these outcomes, it is 

Fig. 3. Measures of endoscopy quality: (A) awareness with recall, (B) total propofol administered, (C) total procedure time and 
(D) patients who would not repeat the procedure. AAP = anesthesiologist-administered propofol; CI = confidence interval; IV =  inverse 
variance; M–H = Mantel–Haenszel χ2 test; NAAP = non–anesthesiologist-administered propofol; SD = standard deviation.
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difficult to assess with confidence whether procedure-
related complications are actually higher with NAAP. 
However, this speaks to one of the arguments made against 
NAAP, which is whether the endoscopist can be fully 
attentive to both performing the endoscopic procedure 
and administering sedation. Future studies should more 
consistently assess gastrointestinal perforation and bleed-
ing as part of procedure-related adverse events.

Our secondary outcomes of interest were measures of 
endoscopy quality and of patient and endoscopist satisfac-
tion. Anesthesiologists administered significantly higher 
dosages of propofol than did endoscopists. This may partly 
explain why awareness with recall was less frequent among 
patients who received AAP in our analysis. It may be that 
anesthesiologists, in general, are more comfortable attain-
ing deeper levels of sedation. Alternatively, endoscopists 
may be better attuned than anesthesiologists to the amount 
of sedation needed relative to their progress in the pro ced-
ure.18 Awareness of the procedure did not appear to nega-
tively affect patient satisfaction, as measured by 3 patient 
surveys. In addition, the amount of propofol administered 
did not seem to affect patient satisfaction or procedure 
time, both of which were similar between groups.

Other secondary outcomes of interest, which could not 
be meta-analyzed, were time to recovery and rates of 
reported pain, cecal intubation and polyp detection. Time 
to recovery was significantly shorter with NAAP than with 
AAP in the study by Ferreira and colleagues.26 This could 
be due simply to the fact that anesthesiologists adminis-
tered more propofol. Rates of cecal intubation and polyp 
detection were not different between groups.26 In the study 
by Poincloux and colleagues,28 a higher proportion of 
patients in the AAP group than in the NAAP group 
reported feeling “no pain.” However, this did not appear 
to necessarily correlate with patient satisfaction, as more 

patients in the AAP group than in the NAAP group 
reported that they would not repeat the procedure under 
the same circumstances.

It is important to highlight that most of the patients in 
these studies were classified as ASA I or II, and that these 
results may not be applicable to populations with greater 
comorbidity; i.e., ASA level III or IV. These patients 
would likely experience higher rates of cardiovascular com-
plications from any sedation; thus, it is generally preferred 
that an anesthesiologist attend these cases. Aside from ASA 
classification, there may be other patient characteristics 
that can be identified before the procedure to identify 
those at high risk (e.g., Mallampati score and chronic nar-
cotic use).

Goudra and colleagues18 published a meta-analysis of 
patient safety with NAAP versus AAP in advanced endo-
scopic procedures (e.g.,  endoscopic retrograde cholangio-
pancreatography, upper endoscopic ultrasonography and 
endoscopic surgery). Their methods differed slightly in 
that they included single-arm observational studies and 
made indirect comparisons between the 2  groups. They 
concluded that NAAP was safe. An argument made against 
NAAP is the endoscopist’s presumed relative lack of train-
ing and experience in recognizing and managing cardiopul-
monary complications from propofol sedation. We con-
clude that there are currently no strong data to this effect. 
Even though bradycardia rates were higher with NAAP 
than with AAP, there is no indication that this resulted in 
patient harm. Another argument made against NAAP is 
that it may burden endoscopists and hinder the quality of 
the procedures they are performing. Goudra and col-
leagues18 found that endoscopist satisfaction was lower with 
NAAP than with AAP and hypothesized that this may have 
been due to endoscopists’ reluctance to target deeper seda-
tion when they are responsible for propofol administration. 

Table 5. Quality assessment of nonrandomized studies with the Methodological Index for Non-Randomized Studies (MINORS)23

Study
Stated 

aim
Consecutive 

inclusion

Prospective 
data 

collection
Appropriate 
end points

Unbiased 
assessment

Appropriate 
follow-up

Loss to 
follow-up 

< 5%

Prospective 
study size 
calculation

Adequate 
control

Contemporary 
groups

Baseline 
equivalence

Adequate 
statistical 
analyses Total*

de Paulo et 
al.,24 2015

1 0 0 0 0 2 2 2 2 2 2 1 14

Vargo et 
al.,25 2006

2 2 0 0 0 0 2 0 2 2 2 2 14

Nathan et 
al.,27 2015

2 2 0 0 0 2 2 0 2 2 1 1 14

*Overall risk of bias was calculated as follows: low = 25, moderate = 21–24, high = < 21.

Table 4. Quality assessment of randomized controlled trials with Cochrane Risk of Bias Tool22

Study

Criterion

Overall risk

Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants 
and study 
personnel

Blinding of 
outcome 

assessment
Incomplete 

outcome data
Selective 
reporting

Other source 
of bias

Poincloux et al.,28 
2011

Low risk Low risk High risk Unclear risk Low risk Unclear risk Low risk High

Ferreira et al.,26 
2016

Low risk Low risk High risk High risk High risk Low risk High risk High
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Endoscopists were more likely to accept suboptimal seda-
tion when they were in charge of propofol administration. 
Several sedation training programs for endoscopists and 
nurses have been developed in an attempt to increase com-
fort achieving deeper levels of sedation safely.8,29 However, 
endoscopists may also be hesitant to undertake the training 
and changes in practice needed to adopt NAAP.4 Further-
more, litigation risk continues to pose a major barrier. A 
survey in the United States showed that 67% of endosco-
pists cited medicolegal concerns as the main cause for their 
hesitation to adopt NAAP.12 Questions that need to be fur-
ther addressed include whether endoscopists in general 
would be willing to assume this additional responsibility 
and what kind of training and supports would be required 
to increase endoscopists’ comfort with administering 
 propofol. Existing programs and guidelines regarding 
NAAP from other jurisdictions would be logical resources 
for consideration.8

The benefits of implementing NAAP include cost sav-
ings and increased availability of propofol. A US study 
showed that there was an 18% increase in the cost of a 
procedure when an anesthesiologist was present.30 Future 
research should aim to determine what the cost savings 
may be with the implementation of NAAP, accepting that 
such savings would vary among different jurisdictions and 
practice models. Although obviating anesthesiologist fees is 
a potential advantage of NAAP, one must also take into 
account the costs of training endoscopists, nurses and 
other endoscopy suite staff in administering propofol and 
dealing with complications that may arise.

Limitations

This systematic review has several limitations. The main 
limitation is that there was substantial inconsistency in the 
reporting of outcomes among studies. There were few 
outcomes that were reported in 3 or more studies. Fur-
thermore, for some of the outcomes that were reported, 
there were ambiguity and variability in their definition. 
For instance, bradycardia was reported in 3 studies, with 1 
defining it as a heart rate less than 50 beats/min,28 another 
as a decrease in heart rate greater than 25% from base-
line,26 and the third not defining it at all.25 Future studies 
should aim to use standardized, validated tools of sedation-
related complications. Another limitation was the small 
number of events in each study in spite of large samples. 
This is because routine endoscopy is a relatively safe pro-
cedure,31 and very large data sets are required to find sig-
nificant, meaningful differences between interventions. 
Another explanation for the limited number of events is 
that most of the studies in our review included mainly 
patients at low risk. The results of our meta-analysis must 
be interpreted with caution given that there is a low level 
of certainty in each of the conclusions. The literature on 
NAAP is scanty, and, thus, our systematic review was lim-

ited to 2 RCTs and 3 observational studies. Nonrandom-
ized studies pose a high risk of selection bias, as patients at 
lower risk are more likely to have been offered NAAP in 
these studies. This would inevitably bias the results 
against AAP and obscure the true measures of effects. 
However, given the limited evidence on this topic, we 
were unable to restrict our analysis to RCTs or to conduct 
meaningful sensitivity analyses. Another major limitation 
of this review is the low quality of each of the included 
studies, which contributes a further risk of bias and weak-
ens the robustness of our statistical conclusions. There 
was also significant heterogeneity among the studies for 
most outcomes that we reported, which may have been a 
direct result of the quality of included studies but also of 
differences in populations.

conclusion

This meta-analysis provides evidence on the safety of 
NAAP. We conclude that nonanesthesiologists may safely 
administer propofol to patients at low risk (ASA I or II) 
undergoing routine upper or lower endoscopy without 
substantially compromising the quality of the procedure. 
Our results must be interpreted with caution given the 
high risk of bias in the included studies. The results of this 
systematic review should aid policy-makers seeking strate-
gies that involve task shifting among providers and chang-
ing providers’ scope of practice in order to reduce health 
care costs without compromising patient safety and satis-
faction standards. To influence policy, large-scale high-
quality studies may be needed to further establish the 
safety and efficacy of NAAP. Future studies should also 
examine the cost savings of NAAP, taking into consider-
ation the costs related to implementing this health care 
arrangement, and potential barriers to its implementation.
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